Impurity hardening in AlGaN by Si-doping
S. Terao!, M. lwayal, R. Nakamura, S. Kamiyama®, H. Amano? and |. Akasaki?®
1Department of Electrical and Electronic Engineering, Meijo University
2Department of Materials Science and Engineering, Meijo University
3High Tech Research Center, Meijo University
1-501 Shiogamaguchi, Tempaku-ku, Nagoya 468-8502, Japan
TEL: +81-52-832-1151 ext. 5091 FAX: +81-52-832-1244
E-mail: a3962086@meijo-u.ac.jp

The use of low-temperature deposited buffer layer [1] and the redlization of conductivity
control by Si-doping [2] and Mg-doping with special treatment [3] have led to fabricate severa
novel devices such as bright blue and green light emitting diodes and violet laser diodes. AlGaN
/GaN hetero-junction is one of the most important structure in such devices, athough crack
generation caused by the lattice mismatch between AlGaN and GaN is one of the most serious
problem in fabricating this structure We found that crack generation does not only depend on
thickness and alloy composition of the AlIGaN layer, but aso depend on Si concentration in AlGaN.
It was also found that Si-doping induces hardening of AlGaN, which is so called impurity hardening
effect

Al ,Ga,gN:S/GaN/LT-GaN/Sapphire with various Si concentrations [Si] were grown by
metalorganic vapor phase epitaxy. SH, was used as precusor of Si. [S] in some samples was
determined by SIMS, and that of the others was estimated from the SiH, flow rate during growth.
Alloy composition in AlGaN was ex-situ determined by the high-resolution X-ray diffraction (XRD)
using (0002) and (2024) diffraction taking account of the effect of strain [4]. Biaxial stress and the
growth rate was in-situ monitored by multi-beam optical stress sensor (MOSS) system [5], by which
we can precisely determine the critical thickness (d,;) of the AlGaN at which cracks generate
Before cracking, AlGaN was grown under constant tensile stress.

Figure 1 shows dependence of the biaxia stress during growth of Aly;Ga,¢N:S on [Si]. Stress
increases with increase of the [Si]: Strain of the AlGaN as measured by XRD is aimost the same in
these samples. These results undoubtedly show that impurity hardening occurred in AlGaN by Si-
doping. Figure 2 shows the [Si] dependence of the d.;. The d,; drastically decrease with increase of
[Si].

This finding is very important for the design and fabrication of novel devices based on
AlGaN/GaN heterostructure. Effect of other impurity doping such as Mg in AlGaN will be
discussed.
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Fig.l Dependence of film stresson [Si]. Fig.2 Dependenceof d,; on [Si]
The film stress is the biaxia stress
during growth of Aly,Ga,oN:S.
ACKNOWLEDGEMENTS

This work was supported in part by the Japan Society for the Promotion of Science “Research for
the Future Program in the Area of Atomic Scale Surface and Interface Dynamics’ under the project
of "Dynamic Process and Control of the Buffer Layer at the Interface in a Highly-Mismatched
System (JSPS96P00204)", and the Ministry of Education, Science, Sports and Culture of Japan,
(contract numbers 11450131, 12450017 and 12875006).

[1] H. Amano, N. Sawaki, |. Akasaki and Y.Toyoda: Appl. Phys. Lett., 48 (1986) 353.

[2] 1. Akasaki and H. Amano: Jpn. J. Appl. Phys,36 (1997) 5393.

[3] H. Amano, M. Kito, K. Hiramatsu, N. Sawaki and I. Akasaki: Jpn. J. Appl. Phys.,28 (1989)
L2112

[4] T. Takeuchi, H. Takeuchi, S.Sota, H. Sakai, H. Amano and |. Akasaki: Jpn. J. Appl. Phys.,36
(1997) L177.

[5] S. Heame, E. E. Chason, J. Han, J. A. Floro, J. Figiel, J. Hunter, H. Amano and |I. Tsong: Appl.
Phys. Lett., 74 (1999) 356.



